Background. Because acute exercise increases systemic catecholamines, we sought to determine whether exercise training would alter daily or exercise-related catecholamine release and inactivation.
ations in release and metabolism of catecholamines during acute exercise and during daily activities. The hypothesis tested was that increased levels of catecholamines associated with daily exercise training would be associated with overall decreased plasma and urine levels of free catecholamines and increased levels of sulfoconjugated catecholamines. Methods 
Subjects
The study populations were volunteers recruited from the Rochester, Minnesota area. One group of subjects was running or cycling long distances on a regular basis in preparation for major racing events (well-trained). The other age-and weight-matched population was exercising minimally; most were engaged in low-level running or racket-based sports on a once-to-twice weekly basis (minimally trained). All subjects had sedentary occupations.
Studies were performed after subjects had signed a consent form; the research protocol was approved by the institutional review board at the Mayo Clinic.
Study Protocol
Participants reported to the Mayo Clinic Special Pulmonary Function and Exercise Laboratory at 7:30 AM after 12 hours of fasting. Subjects had followed a 2-day diet that restricted catecholamines and sympathetic stimulants to avoid diet-related increases in catecholamine release or sulfoconjugated catecholamines. Subjects maintained dietary logs during this time. Subjects had been instructed to maintain a sedentary lifestyle without exercise on the day before testing. Urine was collected during this 24 hours in a 1-1 container with acetic acid preservative (33%, 23 ml) until testing. A 16or 18 -gauge venous catheter was inserted into an antecubital vein. Subjects were then seated for 15 minutes, after which time percent body fat was measured with a standard skin fold caliper (British Indicators, Ltd.; pressure exerted, 940 g) in millimeters at the right anterior axillary line (level of the xiphoid), the right midtriceps level, and over the right iliac crest.
Exercise was performed on an isokinetic bicycle ergometer (Siemons, Model 380B) or a treadmill (Quinton, Model 1860). Minimally trained subjects were given the option of using either the ergometer or the treadmill but were encouraged to use the treadmill to test the muscle groups used normally for their daily activity. Well-trained subjects were tested in the manner in which they trained to provide a training-specific maximal oxygen uptake measurement.'1 One minimally trained subject chose the cycle ergometer; two well-trained subjects were cyclists.
Treadmill exercise commenced at 3.75 mph and 2.5% elevation for a 4-minute warm-up period. Either speed or elevation was increased every minute until volitional fatigue. Cycle ergometer exercise commenced at 50 W (306 kpm/min) for a 4-minute warm-up period. The load was increased 40 W every minute until volitional fatigue.
Subjects breathed freely through a low-resistance unidirectional valve (Rudolph, Model 2700). Exhaled oxygen and carbon dioxide concentrations were determined every 20 seconds from a 4-1 mixing chamber using a mass spectrometer (Perkin-Elmer, No. 1100). Ventilation was determined by integrating the output of a pneumotachograph (Validyne, MP451). Tidal volume was determined for each breath. Cardiac output determinations were made using acetylene rebreathing techniques. Oxygen saturation was determined using an ear oximeter (Hewlett-Packard, 47201A).
Blood samples were taken at rest (standing on the treadmill or sitting on the cycle ergometer), at 4 minutes of exercise, and at maximal exercise. This provided samples at the same absolute and relative work loads, because every subject was able to exercise more than 4 minutes. Blood sampling was accomplished in less than 45 seconds. The same protocol was followed at repeat testing 4 months later. This retesting was designed to test the well-trained group after a period of spring training for marathons or centurion cycle racing in the Minnesota area.
Sample Preparation
Blood samples for catecholamines were placed into sodium-heparin tubes and placed directly into an ice-water bath. After centrifugation at 4°C at 750g, plasma was removed and stored at -20°C after adding 1 ,ul of 5% sodium metabisulfite per milliliter of plasma. Free catecholamines were determined after separation on alumina and Amberlite CG-50 (Bio-Rad, Richmond, Calif., 94804) using high-performance liquid chromatography with electrochemical detection.5 Total catecholamines were determined in separate aliquots of plasma heated to 100°C under strongly acid conditions to hydrolyze sulfoconjugated amines. The sulfoconjugated norepinephrine, epinephrine, and dopamine were determined by subtracting the free catecholamine levels from total catecholamine levels.
Catechol-O-methyltransferase (COMT) was determined from red blood cell samples obtained at rest and at maximal exercise and was then placed into iced sodium-heparin tubes. Washed red blood cell lysates were stored at -70°C and assayed together after all samples were collected.12 Platelet activities of monoamine oxidase B (MAO-B) and thermolabile phenolsulfotransferase (TL-PST) were measured from homogenized platelet pellet aliquots obtained at rest and maximal exercise into ethylene-diaminetetraacetic acid (EDTA) tubes. MAO-B activity was measured by a modification of the methods of Wurtman and Axelrod,13 using ,8-phenylethylamine (PEA) as a substrate. TL-PST activity was measured by the method of Foldes and Meek, as modified by Anderson and Weinshilboum,14 using 3'-phosphoadeno-sine-5'-phosphosulfate (PAPS) as a phosphate donor, pargyline as the MAO inhibitor, and dopamine as a substrate. Saturating concentrations of substances were used in assays of COMT and MAO-B. Nonsaturating concentrations of PAPS, the highenergy phosphate donor for the TL-PST assay, were used as previously described. 14 Plasma for chromogranin-A was obtained at rest and at maximal exercise. Levels were then determined by radioimmunoassay in the laboratory of Dr. D.T. O'Connor. 15 Catecholamines and methoxyamines in urine were adsorbed to Amberlite CG-50 according to the method of Sharpless.16 Catecholamines were eluted with boric acid, and methoxyamines with acetic acid. Catecholamines and methoxyamines were then determined using high-performance liquid chromatography with electrochemical detection. Sulfoconjugates were determined by subtracting the free from the total levels obtained after boiling. Vanillylmandelic acid (VMA) in urine was extracted with ethyl acetate, adsorbed on silica gel, eluted with deionized water, and reacted with diazotized p-nitroaniline according to the method of Soldin and Hill.17 The final color was determined at 570 nm and compared with known standards. HVA in urine was injected on a reversephase C18 column, with a mobile-phase phosphate/ EDTA (pH 4) buffer at a rate of 1.5 ml/min, and quantitated with electrochemical detection according to the method of Morrisey and Shihabi. 18 With each catecholamine assay, one of two aliquots of mixed plasma or of urine was spiked with known amounts (5 ng) of authentic free catecholamines or metabolites, and recoveries were monitored. The following recoveries were obtained from plasma: norepinephrine, 73-+ 1%; epinephrine, 75+2%; dopamine, 75±2%; dopamine from dopamine-O-sulfate through boiling, 74+3%; norepinephrine from norepinephrine-O-sulfate through boiling, 80±2%; epinephrine-O-sulfate was not available to test hydrolysis through boiling, but the recovery of free epinephrine through boiling was 70±2%. The following recoveries were obtained from urine: norepinephrine, 89+3%; epinephrine, 91±4%; dopamine, 89±5%; normetanephrine, 77+4%; metanephrine, 89±4%, and 3-methoxytyramine, 85±5%.
Data are corrected for appropriate recoveries.
The limit of sensitivity (defined as a signal-to-noise ratio of 2) for most catechols was 5 pg as injected on the column; for O-methylated metabolites, this limit was 25 pg. The practical limits of sensitivity (assuming 3 ml of plasma were available for assay) were 0.01 ng/ml for free norepinephrine, epinephrine, and dopamine and 0.03 to 0.04 ng/ml for sulfated norepinephrine, epinephrine, and dopamine. Statistical Analyses All analyses were performed using the Statistical Analysis System (SAS Institute Inc., Cary, N.C.). Frequency distributions for each variable were obtained to determine whether the frequency distribu-tion was normal, with low skewness and kurtosis. The log of the variable was used if it did not conform to a normal distribution. If frequency distributions at each exercise time did not conform to tests of normality (Shapiro-Wilk) and equal variance, nonparametric statistics were used to analyze the data. Analyses of variance were then performed, and significant effects were identified with t tests.
Results

Subject Characteristics
The groups were similar in terms of age (minimally trained, 28±5 years; well-trained, 33±7 years), weight (minimally trained, 76±1 kg; well-trained, 73±1 kg), and sum of skin folds (minimally trained, 43±7 mm; well-trained, 29±2 mm; p<0.09). The well-trained group exercised significantly more per week (minimally trained, 6,212 kJ/week; well-trained, 27,796 kI/week).
Perfornance Characteristics
As noted in the "Methods" section, there were two exercise testing sessions, 4 months apart, in winter and in spring. The results of exercise testing sessions in each subject were examined in terms of heart rate, blood pressure, cardiac output, oxygen uptake, and plasma-free and sulfoconjugated catecholamines by analysis of variance and paired t tests at rest and at submaximal and maximal exercise. There were no differences in the physiological responses to exercise (heart rate, blood pressure, oxygen uptake, cardiac output) or in free and sulfoconjugated plasma and urine catecholamines (paired t tests) between the two sessions. Therefore, mean values across the two testing sessions for each variable were obtained for the rest and the two exercise levels for each subject and used in the analyses. There were no differences between responses in subjects who chose the cycle ergometer and those who chose the treadmill.
The groups were similar in terms of resting variables with the exception of mean brachial artery pressure, which was higher in the well-trained subjects at rest (Table 1) . During submaximal exercise, heart rates were lower in the well-trained subjects. Maximal oxygen uptake was higher in well-trained subjects.
Plasma Concentrations of Catecholamines and Chromogranin-A at Rest and During Exercise
At rest, free norepinephrine was greater in welltrained subjects than in minimally trained subjects; free epinephrine and free dopamine were not different between the two groups ( Table 2 ). Plasma concentrations of all free catecholamines increased with exercise. At maximal exercise (same relative intensity), plasma concentrations of free catecholamines were higher in well-trained subjects at the probability of less than 0.07 level (norepinephrine and epinephrine) and at the p probability of less than 0.05 level (dopamine). 55 .2+2.2* Data are mean±SEM. Significant changes across all exercise levels within groups are not noted to improve table clarity. Minimal refers to group of men participating in low-level running or racket-based sports once or twice weekly; Well refers to group of men running or cycling long distances in preparation for racing events; both groups in sedentary professions.
*p<0.05 between groups.
Analysis of variance showed a tendency to greater concentration of sulfoconjugated dopamine (p<0.08) in well-trained individuals, with no difference identified at any time period with t tests ( Table  2 ). There was an increase in sulfoconjugated norepinephrine in the minimally trained group between 4 minutes and maximal exercise. Concentrations of sulfoconjugated epinephrine were very low in both groups of subjects and barely exceeded the limits of sensitivity. At both the same absolute (4-minute exercise) and relative (maximal exercise) levels, there were increased concentrations of total plasma catecholamines in well-trained individuals compared with minimally trained individuals (Figure 1 , Table 2 ).
Free and sulfoconjugated norepinephrine across all three sampling points showed modest correlation coefficients (minimally trained, r=0.83; well-trained, r=0.66;p<0.05 for each). Other potential associations such as those between sulfoconjugated dopamine and free norepinephrine showed no correlations.
Plasma concentrations of chromogranin-A were determined at rest and at both exercise levels. There was no difference between rest and exercise; therefore, the mean value for each subject was used in the analysis. There was no difference in plasma concentrations of chromogranin-A between groups ( Table 3 ).
Enzymes of Catecholamine Metabolism
Values for RBC-COMT (red blood cell COMT), platelet MAO-B, and platelet TL-PST were obtained at rest and at maximal exercise. Mean platelet counts were not different between groups (minimally trained, 276x 103; well-trained, 279x 103). There was no difference between rest and exercise by analysis of variance or paired t tests. Therefore, the mean value for each subject was used in analyses. Standard t testing revealed no difference between groups in any of the enzymes (Table 3) .
Daily Catecholamine Release and Metabolism of Urine Catecholamines
Two major questions were considered: 1) Were the total amounts of catecholamines excreted in a 24hour period different between well-trained and min- imally trained groups (Table 4) ? 2) Of the catecholamines excreted, were there differences in the percentages of the total compounds that were sulfoconjugated, oxidized, and methylated (Table 5 )? To answer these questions, indirect indexes were constructed by dividing the amount of a metabolite produced (e.g., sulfoconjugated norepinephrine) by the total amount of the parent compound metabolized (product plus precursor) (e.g., free plus sulfoconjugated norepinephrine). These indexes were constructed because there was significant interindividual variation in the absolute amount of each catecholamine produced. Intra-individual variation was 1.5%. Therefore, the index allows an indexed comparison of the relative activity of each system interrogated between groups. Well-trained subjects had increased urine levels of free epinephrine, sulfoconjugated epinephrine, sulfoconjugated metanephrine, and sulfoconjugated 3 -methoxytyramine (Table 4 ). Minimally trained and well-trained individuals produced similar amounts of norepinephrine and O-methylated and sulfoconjugated products in 24 hours ( Table 4 ). The amounts of dopamine and its O-methylated and sulfated products were marginally higher in the well-trained individuals (p<O0.07). There were more total epinephrine products released over 24 hours in well-trained individuals (Table 4 ).
Well-trained and minimally trained subjects excreted sulfoconjugated and methylated catecholamines in similar proportions as shown by the respective indexes (Table 5 ). However, there were marked differences in the percent sulfoconjugation of individual catecholamines, with epinephrine being the least extensively sulfoconjugated (36% and 43%) and normetanephrine being the most extensively sulfoconjugated (87% and 84%). Similarly, there was significant variation in the amounts of each catecholamine methylated. Epinephrine was the most extensively methylated (88% and 83%) and dopamine the least extensively methylated (11% and 13%).
Discussion
Free Catecholamines and Exercise Training
The hypothesis that concentrations of free norepinephrine and epinephrine in plasma would be decreased in well-trained individuals during exercise testing was not supported by data accumulated in this study. Instead, we found that free norepinephrine in plasma was slightly increased at rest in well-trained subjects. It is suggested that before testing, these trained competitors were sympathetically stimulated (increased blood pressure and norepinephrine) in expectation of performing to establish their maximal oxygen uptake. Anticipation before exercise testing has been shown to increase catecholamines,19 with this anticipatory response present up to 1 day before testing.20 It is possible that the well-trained subjects were either latent hypertensives or individuals with borderline hypertension, exercising in an attempt to escape their genetic liability. We found no relation between free norepinephrine in plasma and mean arterial pressure nor several other variables at rest. From these data, we can hypothesize but not conclude about the possibility of a relation between the resting blood pressure and anticipation or familial predisposition. The greater increase in free dopamine and norepinephrine with exercise in welltrained subjects is similar to that which occurs in older individuals10 and reflects the ability to achieve a higher work load at peak exercise.
In both groups of subjects, the excretions of total catecholamines and metabolites on a resting day were surprisingly similar (Table 4 ). However, epinephrine release was higher in the well-trained group. It has been shown that in response to stimuli such as exercise of varying intensities, insulin-induced hypoglycemia, glucagon, hypercapnea, hypoxia, and caffeine,2' 2 well-trained individuals secrete greater amounts of epinephrine. Therefore, it is not entirely unexpected that these individuals should secrete more catecholamines in response to daily activities.
Sulfation, O-Methylation, and Oxidative Deamination of Catecholamines in Well-Trained Individuals
In this study we did not see the clear increases in sulfoconjugated dopamine in plasma in well-trained men that had previously been reported in exercisetrained dogs.5 Although sulfated norepinephrine and dopamine were both higher in all of the three blood samples obtained from well-trained men than from minimally trained men, these differences just missed the 0.05 significance level. (The free and sulfated epinephrine levels all approached the limit of sensi- COMT, catechol-O-methyltransferase measured in red blood cell lysates; MAO-B, monoamine oxidase, isozyme B measured in homogenized platelet concentrates: TL-PST, thermolabile phenolsulfotransferase measured in homogenized platelet concentrates; CGA, Chromogranin-A, plasma; RBC, red blood cells.
Minimally trained refers to group of men participating in low-level running or racket-based sports once or twice weekly; Well-trained refers to group of men running or cycling long distances in preparation for racing events; both groups in sedentary professions. Minimally trained refers to group of men participating in low-level running or racket-based sports once or twice weekly; Well-trained refers to group of men running or cycling long distances in preparation for racing events; both groups in sedentary professions. tivity for the assay, and lesser significance is ascribed to the small differences observed between groups in free and sulfated epinephrine.) There was a highly significant difference (p<0.003) in the variances of sulfoconjugated norepinephrine in the two groups of subjects: In the exercise group, the standard deviation was 0.41, whereas in the control group, it was 0.13. This unequal variability points indirectly toward, and is consistent with, an increased sulfoconjugation of norepinephrine in the well-trained group.
The only significant correlation between sulfoconjugated and free compounds existed for norepinephrine, and this was only detected in minimally trained individuals (r=0.83,p<0.05). This suggests that there is not a very rapid interconversion of free and sulfoconjugated catecholamines.
The significance of the marginal increase in sulfation in well-trained individuals suggested in this study and the greater increases found in dogs is not clear.2627 Indeed, the source and significance of the large pool of sulfoconjugated catecholamines in plasma in normal individuals remains a puzzling issue despite many years of study in several centers.28-30 It has been suggested that the source of sulfoconjugated norepinephrine is norepinephrine that has leaked into the circulation from peripheral neuroeffector junctions after release from neurons. This norepinephrine may be sulfoconjugated in organs such as the liver or platelets that are rich in PST.31 However, sulfoconjugation of catecholamines was as efficient in patients with severe liver insufficiency awaiting liver transplantation and in patients with severe platelet deficiency as 35 DA, dopamine; E, epinephrine; F, free compound; HVA, homovanillic acid; MN, metanephrine; 3-MT, 3-methoxytyramine; NE, norepinephrine; NMN, normetanephrine; S, sulfoconjugated compound; T, total compound (free plus sulfoconjugated compound); VMA, vanillylmandelic acid.
Minimally trained refers to group of men participating in low-level running or racket-based sports once or twice weekly; Well-trained refers to group of men running or cycling long distances in preparation for racing events; both groups in sedentary professions.
in appropriate controls. 31, 32 This indicates that liver and platelets are not indispensable for sulfoconjugation of catecholamines. An alternate possibility is that norepinephrine is sulfoconjugated in close proximity to its release from postganglionic sympathetic neurons. We did detect sulfoconjugated norepinephrine in isolated perfused dog pulmonary artery preparations both under quiescent conditions and during stimulated release of norepinephrine,33 but the amounts were small. It was concluded that at least at neuroeffector junctions in the dog pulmonary artery, local production of sulfoconjugated norepinephrine was unlikely to make any substantial contribution to the plasma pool. The Pie chart sizes are scaled based on total plasma catecholamines at each time period in relation to the total plasma catecholamines in the well-trained group at maximal exercise. Minimally trained on left; well-trained on right. There were increased concentrations of total plasma catecholamines at 4-minute and maximal exercise in the well-trained group. DA, dopamine; S, sulfoconjugated compound; NE, norepinephrine; F, free compound; EPI, epinephrine. Minimally trained refers to group of men participating in low-level running or racket-based sports once or twice weekly; well-trained refers to group of men running or cycling long distances in preparation for racing events; both groups in sedentary professions. rare exceptions, dopamine is not considered to be a neurotransmitter in the periphery.34 Some sulfoconjugated dopamine may originate in the diet, but this does not appear to be a major source. 35 Although the source of sulfoconjugated catecholamines is not known, it is important to demonstrate that they represent dynamic pools, and that these concentrations change in circumstances where concentrations of free catecholamines are changing.
Exercise training in dogs was associated with increases in sulfoconjugated fractions. 5 Others have observed that sulfoconjugated catecholamines increase after prolonged exercise (1,000-km ultramarathon).20 Similarly, sulfoconjugated catecholamines increase in patients with pheochromocytoma36 and in patients with Parkinson's disease during L-dopa therapy. 37 It is important to note that changes do not occur rapidly in conjugated sulfoconjugated catecholamine concentrations in plasma, because we observed only small changes during acute exercise sessions. It may be that sulfoconjugated catecholamines change in response to long-term rather than short-term stimulation of catecholamine synthesis and release, in contrast to previous reports. 33, [38] [39] [40] However, the changes in sulfoconjugated catecholamines in plasma appear to occur without a corresponding change in PST-TL activity or in the urine sulfoconjugation index as demonstrated in the present study.
The discordance we observed in the proportion of sulfoconjugated dopamine in plasma (>99%) and in urine (70%) reflects the fact that much of the free dopamine in urine is produced in the kidney from plasma dihydroxyphenylalanine (DOPA)41 and may be increased because plasma DOPA increases after exercise training.10 The dopamine produced in the kidneys is then presumed to be excreted without exposure to sulfoconjugating or O-methylating enzymes.
Urinary 3-methoxytyramine may better reflect systemic production of dopamine than urinary dopamine. Urinary 3-methoxytyramine did correlate with total dopamine in plasma but only in the well-trained group. Sulfated 3 -methoxytyramine excretion was also increased in the well-trained group (Table 4 ), suggesting increased systemic production of dopamine in that group.
Urinary HVA is the most abundant metabolite of dopamine and may be expected to reflect systemic production of dopamine. However, the metabolic pathway for HVA has recently been questioned.27,42 Urinary HVA was not decreased in two patients with Norrie's disease, a condition associated with the absence of the gene encoding MAO.42 HVA may therefore originate from processes (transamination and decarboxylation) other than oxidative deamination of dopamine by classical MAO-B. However, when HVA was excluded from several analyses in this study (Table 5) , differences between the two groups were still minimal. Indexes of metabolism were not different between groups, again underscoring the stability of catecholamine metabolism regardless of exercise training. Thus, although exercise training may change the activities of some metabolic enzymes,43,44 inheritance clearly exerts a more profound control.45 Indexes of metabolism (Table 5 ) did, however, show remarkable differences for each compound metabolized. The sulfation index ranged from 87% (normetanephrine) to 32% (epinephrine). The formation of methylated compounds also varied from 11% to 88% (Table 5) .
Epinephrine, the catecholamine with the highest O-methylation index, was the compound with the lowest index of sulfation. Sulfation and 0-methylation both occur preferentially at the 3-position,46'47 and these enzymes may therefore be competitive in some tissues. Nonetheless, it is of interest that the O-methylated compounds were each more extensively sulfated than the corresponding catecholamines (epinephrine, norepinephrine, and dopamine). However, differences in metabolism by different pathways clearly depend on exposure to the enzymes as well as on differences in the affinities of the enzymes for different substrates.
Perhaps the most interesting and surprising finding of this study was that catecholamine levels in the well-trained group so closely approximated control levels. It could be expected that the activity of tyrosine hydroxylase, the rate-limiting enzyme in catecholamine synthesis, would be increased as a consequence of repeated activation of the sympathetic nervous system during training.48 Our previous findings10 of increased blood levels of L-dopa in plasma of older men who underwent a moderate training program were interpreted as indicating that these comparatively poorlytrained individuals had increased tyrosine hydroxylase activity after training. It is reasonable to assume that tyrosine hydroxylase would also be activated in the well-trained subjects in this study. If this were so, then, despite a potential for increased synthesis of catecholamines, release was still maintained within levels barely above normal, demonstrating a clear dissociation between synthesis and release of catecholamines. Because differences in synthesis and release may be organspecific,49 further studies, including radiotracer studies and localized venous sampling of organs, are required to address these issues.
Chromogranin-A
The similarity of the chromogranin-A peptide was initially unexpected, as it is released with norepinephrine and epinephrine. 50 We have recently shown, however, that during sympathetic stimulation, chromogranin-A is preferentially secreted into the lymph.51 In addition, the secretion of chromogranin-A follows a different time course than catecholamines, with the highest levels found 60-90 minutes after the peak catecholamine levels.52'53 It would therefore be expected that if chromogranin-A levels in plasma had been measured 90 minutes after exercise, higher levels would be found in well-trained individuals.
Conclusions
Well-and minimally trained 30-year-old individuals have been shown in this study to release similar amounts of catecholamines acutely during exercise and to release and metabolize similar amounts of catecholamines daily during resting conditions. Although plasma levels suggested increased sulfoconjugation of norepinephrine and dopamine in welltrained men, urinary excretion of sulfoconjugated catecholamines was not different in the two groups. Perhaps minimal exercise is equal to extensive exercise in affecting catecholamine metabolic systems, thus contributing to the similarities that we observed in the two groups. More importantly, there may be altered preor postjunctional responses to catecholamines in well-trained individuals, changing the control of synthesis or release. During exercise training, prejunctional receptors could develop increased sensitivity to catecholamines to achieve catecholamine excretion similar to pretraining levels. Catecholamine release would then be "kept down" in a manner similar to the rapid suppression of adrenal medullary secretion by acute a2-adrenergic, /32-adrenergic, and dopaminergic receptor stimulation.54 56 This seems likely, because tyrosine hydroxylase activity, which is induced by stress (e.g., exercise training), is likely to be increased in well-trained individuals.
We conclude that there is overall stability of catecholamine catabolism and metabolism in welltrained individuals of approximately 30 years of age. Generalization of these results to older individuals cannot be made.
